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A STUDY OF MORPHOLOGICAL AND THERMAL PROPERTIES OF 
POLYLACTIC ACID (PLA) MODIFIED MMT (ION EXCHANGE 
METHOD) NANOCOMPOSITE 
 
 
ABSTRACT 
 
Polylactic  (PLA)  is  a  thermoplastic  aliphatic  polyester  produced  by  the  
ring  opening  polymerization  of  lactide.  PLA   is  more  suitable  because  it  is  
made  from  renewable  sources  and  its  properties  are  friendly  to  the  
environment.  A  series  of  biodegradable  PLA  nanocomposites  using  modified  
organoclay.   The  type  of  modication  is  by  ion  exchange  method  and  were  
prepared  by  melt  compounding  using  a  Brabender  twin  screw  extruder.  Then,  
the  morphology  of  exfoliated  PLA  modified  nanocomposite  was  observed  
using  X-ray  Diffraction  (XRD)  analysis  and  Scanning  Electron  Miscoscpy  
(SEM)  analysis.  By  modification  of  PLA  will  affect  the  structure  of  
nanocomposite  from  agglomerates  to  become  intercalated  nanocomposite  or  
exfoliated  nanocomposite.  Besides  that,  the  melting  temperature  of  PLA  
modified  nanocomposite  should  be  increase  after  modification  from  original  
temperature  160℃  to  become  170℃.  
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KAJIAN SIFAT MORFOLOGI DAN THERMAL DARI POLILAKTIK ACID 
(PLA) MODIFIKASI (ION EXCHANGE METODE) NANOKOMPOSIT MMT 
 
 
ABSTRAK 
 
Polilaktik  (PLA)  adalah  poliester  alifatik  termoplastik  yang  dihasilkan  
oleh  pempolimeran  pembukaan  cincin  lactide.  PLA  adalah  lebih  sesuai  kerana  
ia  dibuat  dari  sumber  yang  boleh  diperbaharui  dan  sifat-sifatnya  yang  mesra  
alam  sekitar.  Satu  siri  nanocomposites  PLA  terbiodegradasikan  menggunakan  
organo  diubahsuai.  Jenis  modication  adalah  dengan  kaedah  pertukaran  ion  dan  
telah  disediakan  oleh  pengkompaunan  mencairkan  degan  menggunakan  
Brabender  extruder  skru  berkembar.  Kemudian,  morfologi  exfoliated  PLA  
diubahsuai  komposit nano  telah  diperhatikan  dengan  menggunakan  pembelauan  
sinar-X  (XRD)  analisis  dan  Mengimbas  Miscoscpy  Elektron  (SEM)  analisis.  
Dengan  pengubahsuaian  PLA  akan  menjejaskan  struktur  komposit nano  dari  
aglomerat  untuk  menjadi  komposit nano  intercalated  atau  komposit nano  
exfoliated.  Selain  itu,  suhu  lebur  komposit nano  diubahsuai  PLA  perlu 
meningkat  selepas  pengubahsuaian  dari  suhu  asal  160℃  untuk  menjadi  170℃. 
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CHAPTER  1 
 
 
INTRODUCTION 
 
 
1.0  Background  of  Proposed  Study 
 
Polymer  is  a  chemical  compound  or  mixture  of  compounds  consisting  
of  repeating  structural  units  created  through  a  process  of  polymerization  and  
connected  by  covalent  chemical  bonding.  The  polymer  used  naturally  is  like  
cotton,  starch  protein  and  wool.  Polymer’s  popular  usage  is  plastic  and  
polymer  itself  is  refer  to  a  large  class  of  natural  and  synthetic  material  with  a  
wide  variety  of  properties.  Due  to  the  extraordinary  range  of  properties  of  
polymeric  materials,  polymer  is  an  essential  role  in  everyday  life,  ranging  
from  familiar  synthetic  plastic  and  elastomers  to  natural  biopolymer  such  as  
protein  and  DNA.   
Nanotechnology  is  now  recognized  as  one  of  the  most  promising  areas  
for  technological  development  in  the  21
st
  century.  Nanotechnology  has  
currently  received  an  exceptional  interest  of  researchers,  technology  incubators  
and  commercial  organizations  to  step  forward  in  introducing  the  materials  
having  nanocomposite  structure  and  new  performance  standards.  In  materials  
research,  the  development  of  polymer  nanocomposite  is  rapidly  emerging  as  a  
research  activity  that  could  broaden  the  application  of  polymer  for  a  benefit  
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of  many  different  industries.  Polymer  nanocomposites  are  polymer  which  are  
themoplastics,  thermoset  or  elastomers  that  have  been  reinforced  with  small  
quantities. 
According  to  Ciprari,  2004,  nanoscale  interactions  have  significant  
implications  on  the  macroscopic  behaviour  of  materials  as  every  structural  
level  contributes  to  the  mechanical  stability  and  durability  of  the  resulting  
materials.  It  has  become  increasingly  importand  to  understand  and  manipulate  
materials  for  engineering  and  other  application.  Nanocomposite  materials  can  
show  significant  improvement  of  mechanical  properties,  (Khudyakov, David 
Zopf & Turro, 2009). 
Polylactic  acid  can  be  produced  in  different  ways  either  using  chemical  
or  biological  process.  Under  biological  process,  it  is  by  fermentation  of  
carbohydrate  from  lactobacillus.  The  enantiomeric  monomers  (D  and  L)  are  
polycondensed  via  its  cyclic  dimmer  (lactide)  by  ring-opening  polymerization  
(ROP)  to  a  high  molecular  weight  polymer.  Compared  to  the  other  
biodegradable  polyesters,  PLA  is  the  product  that  at  the  present  has  one  of  
the  highest  potentials  due  to  its  availability  in  the  market.  Based  on  this  
lactide  intermediate  method,  NatureWorks  LLC  has  developed  a  patented,  low  
cost  continuous  process  for  the  production  of  lactic  acid  based  polymer  
(Gruber,2000).  PLA  has  a  number  of  characteristics  that  are  similar  to  many  
other  thermoplastics  fiber  such  as  controlled  crimp,  smooth  surface  and  low  
moisture  regain.  One  of  the  unique  properties  of  PLA  in  comparison  is  that  it  
is  the  only  melt-processable  fiber  from  anually  renewable  natural  resources. 
PLA  can  shows  crystalline  polymorphism  which  can  lead  to  different   
melting  peaks  with  a  main  transition  at  152°C  for  the  D, L-PLA.  Furthermore,  
3 
 
PLA  can  be  plasticized  using  oligomericlactic  acid  (OLA).  The  effect  of  
plasticization  increases  the  chain  mobility  and  then  favors  the  PLA  
organization  and  crystallization.  After  plasticization,  a  cristallinity  ranging  
between  20  and  30%.  PLA  presents  a   medium  water  and  oxygen  permeability  
level  comparable  to  polystyrene.  These  different  properties  associated  with  its  
tunability  and   its  availability  favour  its  actual  developments  in  different  
packaging  applications.  McCarthy  (1999)  showed  that  PLA  presents  a  soil  
degradation  rate  much  slower  compared  to  PBSA. 
PLA  is  presumed  to  be  biodegradable  although  the  role  of  hydrolysis  
v's  enzymatic  depolymerization  in  this  process  remains  open  to  debate.  
Composting  conditions  are  found  only  in  industrial  units  with  a  high  
temperature  (above  50°C)  and  a  high  relative  humidity  (RH)  to  promote  chain  
hydrolysis.  But,  according  to  Tuominen  et  al.  (2002),  PLA  biodegradation  
does  not  exhibit  any  eco-toxicological  effect. 
In  these  recent  years,  increasing  interest  has  been  shown  in  the   realm  
of  nanocomposites.  A  general  conclusion  has  been  drawn  that  nanocomposite  
show  much  improved  mechanical  properties  over  their  micro-sized  similar  
systems.  Because  of  their  small  size,  nanoparticle  have  a  high  surface  to  
volume  ratio  and  provide  high  energy  surfaces.  Nanocomposites  are  family  of  
materials,  consisting  of  a  continuous  matrix  reinforced  with  a  fiber,  platelet,  or  
particle  having  at  least  one  dimension  in  the  nanometer  scale.  Therefore,  new  
technology  has  established  the  integration  of  polymer  and  layered  silicate  to  
produce  nanocomposite  to  overcome  these  drawbacks.  Nanocomposite  
technology  is  applicable  to  a wide  range  of  application  such  as  biomedical,  
transportation  and  packaging.  
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There  are  three  main  techniques  to  be  distinguished  for  preparing  
polymer  nanocomposite  which  are  in  situ  polymerization,  solution  intercalation,  
and  melt  intercalation.  In  situ  polymerization  is  a  mixing  of  the  nanoclay  with  
the  monomer  than  would  be  followed  by  polymerization.  Solution  intercalation  
can  be  done  by  mixing  the  nanoclay  in  a  solution  of  a  polymer  followed  by  
solvent  evaporation.  While,  melt  intercalation  consist  of  blending  the  
organoclay  with  the  polymer  matrix  in  molten  state. 
The  research  in  this  study  represents  an  effort  on  modification  of  
nanoclay  to  disperse  within  PLA  to  form  nanocomposite  by  using  the ion 
exchange method. The  structure  of  PLA  in  this  study  was  confirmed  through  
X-Ray  Diffraction  (XRD)  and  Scanning  Electron  Microscopy  (SEM).  Besides  
that,  the  resulting  in  thermal  of  PLA/clay  nanocomposite  were  also  measured  
by  Differential  Scanning  Calorimetry  (DSC)  and  Thermogravimetric  Analysis  
(TGA). 
 
1.1 Problem  Statement 
This  problem  it  will  be  outcome  from  the  environmental  problem.  PLA  
made  from  renewable  sources  and  generally  its  properties  are  friendly  to  the  
environment.  But,  PLA  that  used  in  industries  are  offered  in  low  strength,  and  
low  thermal  stability  of  material.  Therefore,  PLA  nanocomposite  is  introduced  
because  it  has  attracted  huge  advantages  to  overcome  those  weaknesses.  
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1.2 Objectives 
 
1.2.1 To  modify  Sodium  Cloisite  organoclay  using  metal  ion  solution  (ion  
exchange  method) 
1.2.2 To  fabricate  of  PLA-Modified  MMT  nanocomposite  with  good  in  
morphology  and  thermal  properties 
 
1.3  Scope  of  Research 
This  research  is focusing  on  PLA  nanocomposite  which  is  a 
biodegradable  aliphatic  polyester  that  can  be  synthesized  from  renewable  
resources.  The  scope  of  this  research  is  as  below: 
1.3.1 To  modify  the  surface  of  MMT  by  the  ion  exchange  method 
 
1.3.2 To  produce  PLA  modified  nanocomposite  using  an  extruder  from  
fabrication  process  of  PLA 
1.3.3 To  characterize  PLA  and  PLA  modified  nanocomposite  using  X-Ray  
Diffraction  (XRD)   and  Scanning  Electron  Microscopy (SEM) 
1.3.4 To  testing  the  PLA  and  PLA  modified  by  thermal  testing  using  
Differential  Scanning  Calorimetry  (DSC)  and  Thermogravimetric  
Analysis  (TGA). 
 
1.4   Significance  of  Research 
 
This  study  has  been  done  in  order  to  improve  the  PLA  nanocomposite. 
The  aim  of  this  research  is  to  study  the  morphological  and  the  optimum  
temperature  amount  would  be  the  best  for  PLA  after  modification.  Hence,  the  
expected  outcome  would  be  an  increase  in  properties  of  thermal.  And  it  can  
used  as  material  of  plastics  in  the  industry  now. 
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CHAPTER  2 
 
 
LITERATURE  REVIEW 
 
 
2.1 Introduction 
 Recently,  the  varieties  of  plastics,  are  produced  mostly  from  
fossil  fuels,  then  consumed  and  discarded  into  the  environment,  finally  ending  
up  as  undegradable  wastes.  By  disposal  of  these  materials  by  incineration  
process,  it  produces  CO2  and  contributes  to  global  pollution.  For  these  
reasons,  there  is  an  urgent  need  for  the  development  of  “Green  polymeric  
materials”  that  do  not  involve  the  use  of  toxic  components  in  the  
manufacture.  For  that  issue,  the  polymer  or  other  materials  as  more  
environmentally  to  substitute  and  also  to  overcome  the  environmental.  
Therefore,  much  attention  has  been  lately  posed  on  biodegradable  polymers  
such  as  starch,  cellulose,  polylactides,  polycaprolactone  or  blends  of  other  
biodegradable  polymers.  
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2.2 Polylactic  Acid  (PLA) 
 
2.2.1  Synthesis  of  PLA 
 
 Polylactic  (PLA)  is  an  aliphatic  polyester  made  up  of  lactic acid  (2-
hydroxy  propionic  acid)  building  blocks.  It  is  also  a  biodegradable  and  
compostable  thermoplastic  derived  from  renewable  plant  sources  such  as  starch  
and  sugar.  Although  PLA  existed  for several  decades,  the  used  of  PLA  was  
limited  to  biomedical  applications  such  as  implants  and  biologically  active  
controlled  release  devices  due  to  its  high  cost (Auras et. al., 2010).  PLA  is 
degraded  by  simple  hydrolysis  of  ester  bonds  without  the  presence  of  enzyme  
of  catalyst.  The  degradation  rate  depends  on  the  size  and  shape  of  the  
particle,  the  isomer  ratio  and  also  the  temperature  of  hydrolysis  (Garlotta, 
2002).  
Recent  studies  and  findings  of  the  PLA  had  proven  that  PLA  is  good  
in  terms  of  mechanical  properties,  thermal  plasticity  and  biocompatibility  and  
also  in  fabricating.  PLA  is  identical  to  polystyrene  which  is  brittle  and  stiff  
polymer  with  low  deformation  at  break  (Balakrishnan et. al., 2010).  There  are  
two  methods  for  manufacturing  PLA  from  lactic  acid.  The  first  method  uses  
the  cyclic  lactic  acid  dimer  called  lactide  as  an  intermediate  stage.  And  the  
second  method  is  the  direct  polymerization  of  lactic  acid.  The  method  using  
the  lactide  intermediary  yields  PLA  with  greater  molecular. 
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Figure 2.1 The  method  production  of  PLA 
 
(Sources: www.googleimage.com.my) 
 
 
Table 2.1: Mechanical Properties of PLA  
 
Properties Values 
Young’s Modulus (MPa) 3600 
Tensile Strength (MPa) 70 
Elongation at break (%) 2.4 
Flextural Strength (N/mm
2
) 98 
Impact Strength (kJ/m
2
) 16.5 
Notched Impact Strength (kJ/m
2
) 3.3 
MFI (g/10min) 3-6 
Density (g/cm
3
) 1.25 
Moisture Absorption (%) 0.3 
 
(Material datasheet by Biomer for L9000) 
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2.2.2 Polylactid  acid  (PLA)  nanocomposite 
 
 Biodegradable  polymers  are  defined  as  polymers  that  undergo  
microbially  induced  chain  separation  that  leads  to  mineralization,  (Yixiang,  
2009).  The  increased  availability  of  PLA  stimulated  an  increased  in  its  
research  and  development  activities  towards  the  use  bio-based  polymer.  
Balakrishnan  et. al.,  has  discovered  that  linear  low  density  polyethylene  
improved  the  impact  of  the  strength  of  PLA  nanocomposites  with  a  sacrifice  
of  tensile  and  flextural  strength.  In  his  work,   the  PLA  had  proven  that  PLA  
is  good  in  terms  of  mechanical  properties,  thermal  plasticity  and  
biocompatibility  and  also  in  fabricating.  PLA  is  identical  to  polystyrene  which  
is  brittle  and  stiff  polymer  with  low  deformation  at  break  Besides  that,  the  
crystallization  temperature  and  glass  transition  temperature  decreased  gradually  
while  the  thermal  stability  of  PLA  improved  with  the  addition  of  MMT  in  
PLA  nanocomposite. 
Ogata  et.  al.  (1997),  first  prepared  PLA/OMLS  blends  by  dissolving  
the  polymer  in  hot  chloroform  in  the  presence  of  dimethyl  distearyl  
ammonium  modified  MMT  (2C18MMT).  In  the  case  of  PLA/MMT  composite,  
WAXD  and    results  showed  that  the  silicate  layers  could  not  be  intercalated  
using  solution  method.  In  other  words,  the  clay  existed  in  the  form  of  
tactoids,  consisting  of  several  stacked  silicate  monolayers.  These  tactoids  are  
responsible  for  the  formation  of  particular  geometrical  structures  in  the  blends,  
which  lead  to  the  formation  of  superstructures  in  the  thickness  of  the  blended  
film.  This  kind  of  structural  features  increase  the  Young’s  modulus  of  the  
hybrid.  
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2.3 Nanofillers 
 
2.3.1 Nanoclay/  Pristine  Clay/ Sodium Montmorillonite. 
 
 There  are  many  types  of  layer  inorganic  solid  such  as  graphite,  clay  
minerals,  metal  phosphates  and  phosphonates.  The  common  type  of  layer  
inorganic  solid  that  used  today  in  industries  is  clay  mineral.  The   reason  of  
clay  mineral  widely  used  in  industries  is  because  of  its  unique  structure  and  
properties.  Clay  minerals  have  higher  intercalation  chemistry  as  compare  to  
other  layered  inorganic  solid  when  applied  with  polymer  to  form  polymer  
nanocomposite.  In  details,  clay  mineral's  unique  layered  structure  and  high  
intercalation  capabilities  that  allow  them  to  chemically  modified  to  interact  
with  the polymer  and  became  clay –based  polymer  nanocomposites.  
As  shown  in  the  Figure  2.2,  the  clay  mineral  structure  is  consisting  of  
interlayer  or  gallery  and  this  interlayer  is  cause  by  the  van  der  Waals  force  
between  the  layer  gap.  This  layer  gap  is  made  up  of  two  tetrahedrally  
coordinated  silicon  atoms  fused  to  an  edge-shared  octahedral  sheet  of  either  
aluminum  or  magnesium  hydroxide.  There  is  an  isomorphic  substitution  within  
the  layer  for  (e.g.,  Li,  Na,  Rb)  and  also  a  relatively  layer  charge.  Clay  
mineral  has  a  relatively  low  layer  charge  which  is  between  (x= 0.2-0.6).  So,  
the  force  between  the  adjacent  layer  also  relatively  low  and  finally  the  
interlayer  is  cations  exchangeable  and  the  intercalation  of  inorganic  and  
organic  cations  and  molecules  into  the  interlayer  space  are  accomplished.  
The  polymer  nanocomposite  also  have  high  strength  and  stiffness  when  
applied  to  clay  mineral.  By  inserting  the  nano-sized  inorganic  compound  into  
the  polymer  matrix,  the  properties  of  polymers  such  as  thermal  stability  and  
mechanical  properties  such  as  adhesion  resistance  flexural  strength,  toughness  
